Background: Access to health insurance influences the amount and quality of health care received, which in turn is likely to be related to survival. Few studies have systematically examined cancer survival by individual level health insurance data from a state population-based cancer registry for 4 anatomic sites.
Results: Among patients with prostate cancer, 3-year relative survival proportion was 98% for the privately insured and 83% for the uninsured; comparable figures were 91% and 78% for patients with breast cancer; 71% and 53% for patients with colorectal cancer; and 23% and 13% for patients with lung cancer. For all 4 cancers the uninsured ranked fifth or sixth on survival, above patients with unknown insurance type or Medicaid/welfare.
Conclusion:
These findings confirm purported disparities in cancer care and point toward the need to make quality care accessible to all segments of the population. Med. 2003; 163:2135 -2144 C ANCERS OF the colon and rectum (colorectal); of the trachea, bronchus, and lung (lung); and of the breast and prostate impose a substantial burden of disease in the state of Kentucky and in the United States as a whole. In 2002, these 4 highly prevalent cancers are expected to account for approximately 54% of the 21100 new cases of invasive cancer predicted for Kentucky. 1 This state's cancer registry is distinguished among state cancer registries by being 1 of only 5 to collect insurance status 2 and by actively ascertaining information about vital status on all registered patients. Thus, Kentucky offers a convenient arena for studying population-based survival by health insurance category.
Arch Intern
For people with cancer, early diagnosis and the receipt of appropriate treatment may greatly enhance their chances of survival. Correspondingly, survival rates for some cancers may be used as markers of the ability of a health system to work effectively.
Access to health insurance is known to influence the amount and quality of health care received, and thus the insurance status of cancer patients may be important to their survival. We could find no estimates of the proportion of US cancer patients who are uninsured; however, an estimated 16% of all Americans do not have health insurance, and in some states up to 25% of people younger than 65 years are uninsured. 3, 4 Compared with the insured, people without health insurance receive fewer inpatient and outpatient services, [5] [6] [7] [8] [9] undergo fewer cancer screening tests, have different overall treatment patterns, [10] [11] [12] [13] [14] [15] and, if they have breast cancer, are less likely to receive appropriate screening and diagnostic workup and to obtain treatment consistent with current standards of care. 16, 17 There is also much evidence that the uninsured are diagnosed later and receive different treatment for For editorial comment see page 2123 CME course available online at www.archinternmed.com cancer than people with insurance, [10] [11] [12] [13] [14] [15] [16] [17] but only a few studies have examined differences in cancer survival by health insurance categories on a state population-based level. 10, 14, 15 Cancer survival has been shown to differ by socioeconomic status in studies in the United States, Canada, and Europe. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Most of these were population-based studies that used ecologic measures of socioeconomic status, derived from census data on income, education, or occupation. [18] [19] [20] [21] [22] [23] 29, 30 For most of the cancers studied, patients from deprived economic areas had worse survival than those from advantaged areas. 18, [20] [21] [22] [23] [25] [26] [27] [28] [29] [31] [32] [33] [34] In addition to socioeconomic status, race and/or ethnicity is often the focus of studies examining disparities in cancer survival. A study of US Department of Defense tumor registry patients in an "equal access system" reported that survival among black men with prostate cancer is similar to that for white men and may be better at more advanced stages. 36 Another study from the same tumor registry system found that black female breast cancer patients had a risk of death 1.45 times greater than white women seen in the same system. 37 Other studies have examined survival by health insurance groups (eg, for breast cancer in Medicaid and Medicare populations 38 and among group/staff health maintenance organization and fee-for-service Medicare populations with prostate cancer 39 ). However, most cancer survival studies did not use individual level health insurance data collected by the cancer registry, control for treatment, or examine as many sites as we do here, and the two from the US Department of Defense tumor registry did not report on the quality of the data from the registry.
The present study includes 1-and 3-year relative survival for colorectal, lung, breast, and prostate cancer by health insurance category for patients diagnosed from 1995 to 1998 and followed up through 1999. In addition, the influence of health insurance coverage on relative survival is modeled while controlling for age, sex, race, stage at diagnosis, and summary of first course of treatment.
METHODS

DATA SOURCE
The Kentucky Cancer Registry (KCR), Lexington, established in 1991, is a population-based cancer incidence registry. All health care facilities and physicians in Kentucky are required by state law to report new cancer cases to the KCR within 4 months of diagnosis.
Procedures to ensure data quality, such as eliminating multiple records for the same cancer case and combining information from different sources for one case, take place regularly. Death clearance (matching a registry file with the state's death records), conducted semiannually, identifies cancer patients who have not been identified and registered through the health care system, and it allows the registry to update vital status information on those who have been registered. Vital status is also updated by regular contact with reporting hospitals, private pathology laboratories, freestanding treatment facilities, and physician offices. The KCR maintains follow-up information (active from reporting facilities and passive by KCR linkages with administrative databases) on more than 85% of all cases within 15 months of the date of last contact. For diagnosis years 1995 to 1998, the KCR received from the North American Association of Central Cancer Registries (NAACCR), Springfield, Ill, its highest rating (gold) for completeness, timeliness, and quality of its data.
The KCR provided researchers a file with the following variables: sex, date of birth, race, diagnosis date, date of last known contact, vital status, behavior of neoplasm, clinical and pathologic TNM stage, 40, 41 general summary stage, "firstcourse therapy composite" (defined below), therapy start date, and health insurance. Age at diagnosis in days was calculated from date of birth and diagnosis date. Age at exit from study (in days) was calculated from date of birth and date of last known contact (or death). Age at diagnosis and age at exit from study were used to calculate survival time in days (expressed in years). Only black and white were used for race because other races accounted for less than 1% of cases. Cases were selected on the basis of International Classification of Diseases for Oncology (2nd edition) (ICD-O-2) 42 topographic codes C18.0 through 18.9, C19.9, C20.9, and C21.0 through C21.8 for colon, rectum, and anus (colorectal); C33.9 and C34.0 through C34.9 for trachea, bronchus, and lung (lung); C50.0 through C50.9 for female breast; and C61.9 for prostate. General summary stage categories included "local" (tumor limited to the primary site), "regional" (disease spread beyond the organ of origin either by direct extension or to regional lymph nodes), "distant" (metastasis to distant site[s]), and "unknown" or "unstaged." 43 "First-course therapy composite" is a summary of the first course of treatment received during the initial 4 months following diagnosis. Surgery performed at sites other than the primary cancer site is not considered surgical treatment. For colorectal cancer, treatment had 3 categories: surgery at primary site; radiation therapy and/or surgery plus therapy combinations; and no therapy/not curative. Lung cancer had 5 categories: surgery plus therapy combinations; chemotherapy only; radiation therapy only; no surgery, but therapy combinations; and no therapy. The 3 breast cancer categories were surgery at primary site; surgery plus therapy combinations; and no therapy/not curative. Finally, prostate cancer had 5 treatment categories: surgery at primary site; surgery plus therapy combinations; radiation therapy only; no surgery, but therapy combinations; and no therapy/not curative.
The primary payer was defined as the primary payer for services received at the reporting facility. The type of insurer, recorded at diagnosis, was abstracted from the face sheet of the medical record. The abstractor categorized the insurer as one of 20 types. When the specific name of the insurer was not recognized by the abstractor, it was reported as "Insured, not otherwise specified (NOS)," and it was thus used in this analysis. We categorized health insurance into 7 categories: private; Medicare plus supplement; Medicare; other federally funded; Medicaid or welfare; not insured; and unknown.
Private insurance categories included preferred provider organization; health maintenance organization; managed care provider; and private, NOS. Because overall survival for "Insured, NOS" (Ͻ3% of the total) was similar to that for those with private insurance, the categories were combined and called "private." People eligible for Medicare, 44 a federally funded health insurance program, were generally 65 years and older. Medicare enrollees with supplemental insurance were categorized as "Medicare plus supplement."
We grouped with "other federally funded" persons insured by the Civilian Health and Medical Program, Uniformed Service (CHAMPUS), which is available to spouses and dependents of military personnel until they are eligible for Medicare, with those insured by the military, the Veterans Administration, and the Public Health Service. Medicaid 45 is a state program jointly funded by states and the federal government to assist low-income persons, and welfare is a state-funded pro- (REPRINTED) ARCH INTERN MED/ VOL 163, OCT 13, 2003 gram aiding the indigent. These 2 types of insurance were grouped as "Medicaid/welfare."
The "uninsured" included self-pay, charity (patient could not pay and facility wrote off expenses as charity donation), and "uninsured, NOS" and were grouped because they are generally of poorer socioeconomic status. The insurance status was "unknown" for relatively few patients: 3% of colorectal and breast, 6% of lung, and 5% of prostate cancer patients.
SELECTION CRITERIA
All black or white patients diagnosed with a first primary tumor of the colon or rectum, lung, breast, or prostate from 1995 to 1998 with follow-up through December 31, 1999 (n=40207), were initially included. Patients diagnosed in 1995 and 1996 were followed up for at least 3 years, while those diagnosed in 1997 and 1998 were followed up for at least 1 year. Follow-up involved both active (eg, hospitals contacting physicians and patients) and passive (eg, linkage to Department of Motor Vehicles) methods. Patients with missing or invalid data for sex, race, date of birth, diagnosis, and death (if present), ICD-O-2 site code, or behavior and those with in situ carcinoma were determined to be ineligible (n=2885) for this study.
In addition, patients were excluded, in the following order, on the basis of age at diagnosis younger than 15 years or 100 years or older, unknown vital status, duplicate registration (records with identical data for site code, sex, race, date of birth, and diagnosis), unknown sex or female sex for prostate cancer, invalid sequence of dates (all combined, n=3), or zero survival (n=1464). We excluded patients for whom the diagnosis date was exactly the same as the date of death because we were unable to distinguish a death certificate-only case from someone who had zero survival. In all, we excluded 2.3%, 5.0%, 1.8%, and 6.3% of colorectal, lung, breast, and prostate cases, respectively. The final data set for analysis included 7661, 12477, 8758, and 6959 patients with these cancers, respectively. This study was approved by the institutional review boards of the Centers for Disease Control and Prevention, Atlanta, Ga, and the University of Kentucky, Lexington.
STATISTICAL ANALYSES
We used 2 tests (significance level, PϽ.001) to assess the difference in age, sex, race, and stage at diagnosis for types of health insurance. The observed (or crude) survival proportion (rate is also commonly used) is commonly used to describe the prognosis of cancer patients. Crude survival is the estimated probability of survival to the end of a period, regardless of cause of death or background mortality of the population. Patients often die of unrelated causes, however, and this becomes more likely with the passage of time. Relative survival proportion is the ratio of the observed survival in the population of interest (cancer patients) to the survival that would have been expected had the patients experienced only the mortality of the general population from which they were drawn. 46, 47 The expected probabilities for this analysis were obtained from abridged life tables for the state of Kentucky, smoothed, and extended to provide tabulations by single year of age at death, from 0 to 99 years. 18 Age-, sex-, and race-specific life tables for the years 1995 to 1999 were used for this analysis. 48 Relative survival analysis is the method most commonly used to describe survival of cancer patients in populationbased studies. Because all deaths are included (there is no censoring by cause of death), the death certificate is not requiredonly the fact and date of death. This approach avoids errors of misclassification (whether the death was "due to" cancer) that can arise with cancer-specific survival. 49 We calculated relative survival proportions using the approach detailed by Estève et al 46 using a maximum likelihood algorithm in STATA software. 18, 50 All references to survival are to relative survival proportion unless otherwise stated.
In addition to calculating survival, we modeled the influence of health insurance categories on relative cancer survival while adjusting for age, sex, race, stage at diagnosis, treatment, and year of follow-up. We used 6 age groups for all sites except prostate cancer, for which we combined the 2 youngest groups (15-44 and 45-54 years) because of small numbers.
The underlying model we fitted 51 is identical to that described by both Hakulinen and Tenkanen 52 and Estève et al, 53 the difference being in the method used for estimation. We used regression based on counts (deaths), conditioned by personyears. The result is therefore regression for rates with SEs provided by Poisson distribution rules. 54 The likelihood functions for the approach by Estève et al 53 and the approach used by us 51 are identical, so the parameter estimates are also identical. The advantage of the estimation approach we used is that it is easily implemented using standard software (we used STATA 50 ). The estimation approach we used is identical to that described by Breslow and Day. 55 For each relative risk, 95% confidence intervals were calculated.
Interaction terms (for example, effect modification by stage at diagnosis) were assessed in the following order: stage at diagnosisϫfollow-up, ageϫfollow-up, stage at diagnosisϫage, and then all 1-way interactions with health insurance. Stage at diagnosisϫfollow-up and ageϫfollow-up were assessed first and second based on their importance in previous relative survival analyses (written communication, Paul Dickman, PhD, July 22, 2002). Effect modification was assessed by including then removing the interaction term and assessing improvement in model fit using the likelihood ratio test. The likelihood ratio test was also used to assess improvement in model fit by the addition of health insurance alone. P values were used to assess the statistical significance level (PϽ.05) of the likelihood ratio test statistic. For colorectal, lung, and breast cancer, final models included stage at diagnosisϫfollow-up and ageϫfollow-up interaction terms; for prostate cancer, the final model included stage at diagnosisϫage interaction.
RESULTS
For each of the 4 cancers, patients aged 65 to 74 years represented the single largest age group (Table 1) , but for breast cancer patients there were similar proportions in the 45-to 54-year, 55-to 64-year, and 65-to 74-year age groups. More than half (61.8%) the lung cancer patients were men. A diagnosis at the local stage was made in 34.8% of colorectal and 20.8% of lung cancers, while 60.7% of breast and 67.8% of prostate cancers were diagnosed at that stage. Among lung cancer patients, 40.9% presented with distant disease. "Medicare plus supplement" was the most common insurance category for colorectal (36.8%), lung (31.3%), and prostate (37.1%) cancer patients, but private insurance was most frequent for breast cancer (44.1%). Uninsured persons were in the range of 0.8% to 4.1% (Table 1) .
Type of health insurance differed by age, sex, race, and stage at diagnosis ( Table 2) . Most uninsured persons were aged 15 to 64 years. Although they accounted for only about 6.5% of registrants as a whole, black patients accounted for 11.6% of the "other federally funded" and 10.3% of the Medicaid/welfare category. Just over 50% of patients whose insurance category was unknown had unknown/unstaged cancer, but for the other insurance classifications the unknown/unstaged group never exceeded 10.3%. Uninsured persons and Medicaid patients had the 2 highest proportions of distant-staged cancers, 31.4% and 31.2% (Table 2 ). Other analyses showed that almost three fourths (73%) of cancer patients with unknown insurance status received no therapy; this was true for 25% of "other federally funded" patients.
Three-year survival was best for prostate cancer (92.7%) and worst for lung cancer (19.1% for women; 14.5% for men) ( Table 3) . Differences between women and men for colorectal and lung cancer were especially notable for patients younger than 65 years. Patients in the oldest age group had the worst 1-and 3-year relative survival except for breast cancer, in which the youngest group (15-44 years) had the lowest rate (69.4%) of 3-year survival (Table 3) .
Three-year relative survival of prostate cancer patients was as high as 97.7% for those with private insurance to as low as 36.6% for those with unknown insurance ( Table 4 and the Figure) . For breast, colorectal, and lung cancer, we also found that 3-year relative survival was highest for private and lowest for unknown insurance: 90.6% and 57.5% for breast cancer, 70.9% and 24.7% for colorectal cancer, and 23.4% and 4.8% for lung cancer. Uninsured persons ranked sixth of 7 categories for colorectal and lung cancer and fifth of 7 for prostate and breast cancer (Medicaid/welfare and unknown insurance had lower survival for these 2 diseases).
Colorectal, prostate, and breast cancer had similar patterns of survival by insurance category (Table 4) . Patients insured privately or by Medicare, Medicare plus supplement, or other federally funded had relatively better survival compared with patients in the other insurance categories. A different pattern was seen for lung cancer, for which Medicaid/welfare, other federally funded, Medicare with supplement, and Medicare all had about the same 3-year relative survival (13.4%-16.3%). In the Figure, we present insurance categories in the following order: private; Medicare plus supplement; Medicare; other federally funded; Medicaid/welfare; uninsured; and unknown. We chose this order to illustrate what we thought likely to represent the least deprived to most deprived categories of patients. Among colorectal cancer patients, the differences in survival between those privately insured and those of unknown insurance coverage remained substantial and significant in the statistical models we tested ( Table 5) . Patients with Medicare had a 32% higher risk than those who were privately insured, while those with Medicaid/ welfare had a 56% higher risk and those with unknown coverage a 66% greater risk of death. The inclusion of health insurance significantly (PϽ.001) improved the fit of this model as well as the fit of lung, breast, and prostate cancer models (Table 5) .
Lung cancer patients of all other insurance types had a significantly higher risk of death within 3 years compared with privately insured patients; for uninsured persons the risk was 19% greater ( Table 5 ). The risk for black patients was lower than that for white patients (relative risk, 0.83; 95% confidence interval, 0.75-0.90). For breast cancer, women insured by Medicaid/welfare were at 66% higher risk of death than women who were privately insured. Black women had a 39% higher risk of death than white women even after controlling for length of followup, age, stage, health insurance, and treatment (Table 5) .
The modeled results for prostate cancer differed from those for the 3 other sites: men in the Medicaid/welfare and unknown insurance groups had elevated risks of death within 3 years of diagnosis compared with men privately insured (Table 5 ). There were no differences in risk between the privately insured and men in the other insurance categories.
COMMENT
The present study is one of the few US studies to include all adults and insurance types for a state populationbased cancer survival analysis focused on common cancers. It is also the only one to use relative survival, now an accepted technique in such studies, which adjusts for competing causes of mortality without having to rely on death registration data, which can be unreliable. In this study, patients with colorectal, lung, breast, and prostate cancers who had private insurance had the best survival, while those of unknown insurance type always fared worst. Uninsured patients ranked fifth or sixth for all 4 sites. Univariate results were generally confirmed in models that included covariates for age group, sex, race, stage at diagnosis, and treatment. Survival differences were large and consistent across health insurance categories. The fact that patients with unknown insurance coverage fared so poorly could be due to, among other reasons, the differential receipt of screening and/or therapy or to the fact that they were older than cancer patients in other health insurance categories in our population.
Our study supports reported differences between privately insured, Medicaid/welfare, and uninsured persons for colorectal and breast cancers in 2 other states in the United States.
10,14,15,38 Ayanian et al, 10 who studied New Jersey women aged 35 to 64 years with breast cancer, reported that the adjusted (for age, race, marital status, household income, coexisting diagnoses, and disease stage) risk of death was 49% higher for uninsured patients and 40% higher for Medicaid patients than for privately insured patients during the 54 to 89 months after diagnosis. Roetzheim and colleagues, 14, 15 who studied Florida residents with colorectal and breast cancers, found that those who were uninsured or insured by Medicaid (colorectal and breast) or commercial health maintenance organizations (breast) had higher mortality rates (adjusted for age, sex, stage at diagnosis, treatment, comorbidity, marital status, smoking status, and community measures of socioeconomic status) than patients with commercial fee-for-service insurance. Bradley et al 38 also found that people 65 years and younger who were receiving Medicaid had a higher risk of death from the disease (breast, cervix, lung, prostate, or colon carcinoma) than did patients older than 65 years and receiving Medicaid or Medicare. None of the 4 studies reported relative survival or used life tables in the estimation of risks, as we did, which would have corrected for the competing causes of mortality. Finally, the overall 3-year survival proportion estimates in our study are lower than those reported from the National Cancer Institute's Surveillance, Epidemiology and End Results (SEER) program for roughly the same period for all 4 sites. 56 The fact that Kentucky is a relatively poor state, 57 might have affected the comparatively lower survival proportions reported here.
Our uninsured rate of approximately 3% is far below average estimates for the US population as a whole (16%). [58] [59] [60] Rates of uninsurance are inversely proportional to age, however, and cancer patients are older than *Data for survival are relative survival proportion (95% confidence interval), given as percentage, of Kentucky patients. One-year survival is presented for patients diagnosed from 1995 to 1998, and 3-year survival is presented for patients diagnosed in 1995 and 1996. Estimates are based on sex-, race-, and age-specific life tables. †Youngest age group, 15-54 years. Possible reasons for the survival disparities we reported include the fact that poor patients frequently have a higher level of comorbidity compared with more affluent persons, which may make a particular cancer more difficult to treat and may lead to increased death from unrelated causes. Kentucky is the sixth poorest state in the United States according to the 2000 census. 57 Additionally, patients with prostate cancer (as well as other patients in our study) with insurance may have been screened at higher rates than those without insurance, which might have affected the relative survival proportion differences noted in the results.
Medicaid patients with any one of the 4 cancers studied here had a higher risk of death (comparable with those without insurance or of unknown insurance status) within 3 years compared with patients privately insured. These results may reflect a scarcity of primary care physicians who are willing to see Medicaid patients for preventive care or screening.
Other studies have used health insurance categories as a proxy for socioeconomic status, 14,15,61-63 but we have used it as a more direct estimate of access to care. To better understand the relationship between patients in the uninsured or underinsured groups and poor survival (and poor health, in general), additional research is necessary. More specifically, are the differences in survival between insurance categories secondary to differences in socioeconomic status or other variables? We need to understand why in one of the richest countries in the world, survival differences between health insurance categories are so large even after adjusting for stage of disease.
Bias in the collection of type of health insurance is likely to be only minimal, since the KCR consistently collects high-quality data, 64 and any bias is likely to be insufficient to explain the survival differences reported here. If treatment differs by health insurance category (as in our data), then factors affecting treatment received, and in turn survival, need to be studied further. Some of these factors include availability of treatment options, access to treatment, the stage of disease at diagnosis (which differs by health insurance category in our data), histologic and subsite differences, comorbidity, referrals to specialists, and treatment quality. The extent to which these characteristics differ by insurance may provide answers as to where health care systems could concentrate their efforts.
Several other limitations may have influenced our findings. First, our analysis used life tables specific to age, year, sex, and race but not health insurance category. Any bias introduced because of this approach is likely to be minimal, however, since health insurance category was included in the Poisson regression models. 54 Second, for this study, health insurance type was taken from the medical record at diagnosis and might have changed during treatment. We have not attempted to assess the change in this variable, but we are aware that patients may become uninsured or uninsurable after a diagnosis of cancer. 65 Another potential limitation is that the KCR may not collect all treatment received by a patient; the extent to which treatment received in outpatient settings or in other states is collected is unknown.
Comorbidity data were not available at the time of this analysis but will be in the future. Hospital treat- ment volume, not studied here, would also be worth examining, since recent reports indicate it influences treatment. 66 In addition, treatment patterns or characteristics could be examined according to whether the standard of care was met for patients in each health insurance category. 67, 68 Finally, we reported 1-and 3-year crude and relative survival because this was the longest survival time available at the time of analysis.
The robustness of the health insurance estimates should be noted. We fitted interaction terms in an attempt to improve the fit of the model, but the health insurance terms were unaffected by this procedure and were very similar to those in the main effects models.
While differences in access to care, treatment, and survival continue, some are pushing for universal health care and others for mandatory coverage for serious diseases. The President's Cancer Panel, a 3-member panel established in 1971 under the National Cancer Act that periodically reports to the president, recently recommended immediate cancer care coverage for the uninsured. 4 Our findings confirm reported disparities in cancer care and outcome between patients in different health insurance categories and reinforce the recommendation of the President's Cancer Panel to make quality care available and accessible to all segments of the population.
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